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Summary

Background: Tamoxifen and fenretinide combination therapy has been shown to be an active treatment regimen
in metastatic breast cancer patients. This pilot study sought to determine whether the addition of fenretinide to
tamoxifen would be associated with antitumor activity in metastatic breast cancer patients who had been previously
treated with tamoxifen or who had hormone receptor negative disease. The effect of this therapy on circulating
plasma transforming growth factor-beta (TGF-β) levels and serum lipids was also examined.

Patients and Methods: Thirty-one patients were treated with tamoxifen (20 mg po daily), and fenretinide (400
mg po daily with a 3-day drug holiday each month). Plasma TGF-β testing was performed using isoform specific
sandwich ELISA.

Results: Twenty four of the 31 patients were evaluable for an antitumor response including 14 estrogen receptor
(ER) positive patients who had failed prior tamoxifen therapy, seven ER-negative patients, and three hormone
therapy naive ER-positive patients. There were no objective antitumor responses; three patients had stable disease
for 8, 8, and 24 months. Five patients (16%) discontinued therapy for toxicity (one for grade 3 skin rash and four
for abnormal dark adaptation). There was a statistically significant decrease in total cholesterol (median change per
patient of−13.5 mg/dl;p = 0.049, a 6.5% decrease), and an increase in HDL levels (median change per patient
of +18 mg/dl,p = 0.0001, a 35% increase) with tamoxifen and fenretinide therapy.

TGF-β1 plasma levels were normal in 26 of 28 patients, and no changes in these levels post-treatment were
demonstrated.

Conclusions: Tamoxifen and fenretinide therapy is not an active combination in ER negative metastatic breast
cancer or in patients whose disease has progressed on tamoxifen. This combination had a beneficial effect on
total serum cholesterol and HDL levels with no associated rise in serum triglyceride levels. The 400 mg dose of
fenretinide was associated with symptomatic nyctalopia in one-third of patients making it an unsuitable dose for
use in breast cancer prevention studies.

Introduction

Tamoxifen is a potent selective estrogen receptor (ER)
modulator with important treatment and preventive ef-
fects in breast cancer [1]. The retinoids are vitamin
A derivatives which play important roles in growth,
vision, reproduction, immune function, and differ-
entiation [2, 3]. Fenretinide [N-(4-hydroxyphenyl)

retinamide (4-HPR)], a synthetic derivative of retinoic
acid, has been shown to exhibit significant antitumor
activity in rat carcinogenesis models [4–6]. Combined
treatment with tamoxifen and fenretinide has been
shown to be superior to either agent alone in pre-
venting neoplastic mammary lesions in the N-methyl-
N-nitrosourea (NMU) rat carcinogenesis model
[7, 8].
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No objective tumor responses were observed in
15 metastatic breast cancer patients in a Phase II
study of fenretinide (300–400 mg/day) as a single
agent [9]. However, in a Phase I/II study of combined
tamoxifen and fenretinide in previously untreated
metastatic breast cancer patients, 10 of 12 patients
experienced improvement or stabilization of disease
[10].

The mechanisms by which tamoxifen and the ret-
inoids exhibit their anti-tumor and preventive effects
are not fully understood. Both agents have been
shown to decrease plasma insulin-like growth factor-
1 (IGF-1) levels which are involved in breast can-
cer growth through an autocrine/paracrine mechanism
[11–14].

Transforming growth factor-beta (TGF-β), a fam-
ily of growth inhibitory proteins, may inhibit breast
epithelial cell growth through paracrine effects [15,
16].

Retinoids have been shown to increase TGF-β2
andβ3 isoforms in multiple epithelia of vitamin de-
ficient rats [17]. Tamoxifen has been shown to in-
crease the extracellular expression of the TGF-β1 iso-
form in the stroma of human breast cancer lesions
[18]. In addition, TGF-β has been shown to inhibit
the growth of ER-negative breast cancer [16]. The
combination of tamoxifen and fenretinide, therefore,
may have additive or even synergistic anti-neoplastic
effects by mechanisms that include the induction
of multiple TGF-β isoforms and via the inhibition
of both ER-positive and ER-negative breast cancer
cells.

We have conducted a pilot trial of tamoxifen
and fenretinide to determine the antitumor activity
and toxicity of this combination in patients with
hormone receptor negative and tamoxifen-pretreated
metastatic breast cancer. We chose a fenretinide dose
of 400 mg/day with a 3-day drug holiday every 4
weeks because this was the highest dose studied in a
Phase I combination study which showed acceptable
toxicity [10]. Studies of higher doses of fenretinide
have been terminated because of nyctalopia (Fen-
retinide Investigator’s Brochure, 1992). In addition,
because of the interest in this combination as adjuvant
therapy and for chemoprevention [19], we measured
plasma levels of the TGF-β isoforms, and serum lipid
levels before and after therapy.

Patients and methods

Eligibility

Patients entered on study had bidimensionally meas-
urable metastatic breast cancer that was either ER
positive and pretreated with tamoxifen, or ER and pro-
gesterone receptor (PR) negative and not pretreated
with tamoxifen. Additional ER-positive patients who
were not pretreated with tamoxifen were entered on
study to evaluate their lipid profiles and circulating
TGF-β levels pre- and post-therapy.

All patients met the following eligibility cri-
teria: Karnofsky performance status>70; serum
glutamic oxalacetic transaminase (SGOT), alkaline
phosphatase, and total bilirubin<2× upper limit
of normal unless there was evidence of hepatic tu-
mor involvement; serum creatinine<1.7 mg/dl; ab-
solute neutrophil count>1000 per cubic millimeter
and platelet count>75 per cubic millimeter; at least
4 weeks must have elapsed since prior chemother-
apy. All patients gave informed consent according to
National Institutes of Health (NIH) Clinical Center
Guidelines.

Evaluation

Pre-therapy evaluation included a complete history
and physical examination, complete blood count with
differential, platelet count, urinalysis, electrolytes,
blood urea nitrogen, creatinine, liver panel, mineral
panel, uric acid, lipid profile (total cholesterol, high
density lipoproteins (HDL), triglycerides), baseline
plasma TGF-β determination, pregnancy test for wo-
men of childbearing potential, and ophthalmologic
exam. Staging studies included a chest X-ray, bone
scan, chest and abdominal CT scans, and mammo-
gram.

Physical examination and laboratory tests were re-
peated every 4 weeks, staging evaluations every 8
weeks, and plasma TGF-β determinations were re-
peated 1–3 months after the initiation of therapy.
Serum lipid measurements were repeated 1–6 months
after patients had begun therapy. Ophthalmologic ex-
ams including Goldmann–Weekers dark adaptometry
were performed at baseline and during the first cycle of
therapy. The Goldman–Weekers test involves pread-
apting the patient to bright light for 5 min, after
which threshold measurements in complete darkness
are taken. The final dark adapted threshold was de-
termined for each patient tested. Initially, ophthal-
mologic exams were performed in conjunction with
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the patients’ 4 week clinic visits, a time that gen-
erally coincided with their drug holiday or the first
week of therapy. After it was recognized that some
patients were developing symptoms of impaired dark
adaptation, efforts were made to test patients during
the last few days of the 25-day cycle of fenretinide
administration.

Treatment

Tamoxifen was administered 20 mg orally daily and
fenretinide 400 mg orally days 1–25, with a drug holi-
day on days 26–28 of each 4 week cycle. Patients were
instructed to take fenretinide with the largest meal of
the day to enhance its absorption.

TGF-β analysis

TGF-β testing in the plasma was performed by acid
ethanol extraction followed by isoform specific sand-
wich ELISA as previously described [20].

Response and toxicity criteria

A complete response was defined as total disappear-
ance of all clinical evidence of disease on two de-
terminations separated by at least 4 weeks. A partial
response was defined as at least a 50% reduction in the
volume of all measurable tumor on two determinations
separated by at least 4 weeks. Progressive disease was
defined as a greater than 25% increase in the volume of
the measurable lesions. Patients who failed to meet the
criteria for an objective response or progressive dis-
ease were considered to have stable disease. Patients
were evaluable for response after completing two 28-
day cycles of therapy. The NCI Common Toxicity
Criteria were used to evaluate toxicities.

Statistical analysis

The Wilcoxon rank sum test was used in the evaluation
of cholesterol and lipid determinations.

Results

Thirty one patients with measurable metastatic breast
cancer were enrolled on study. Patient characterist-
ics are shown in Table 1. A total of 124 cycles of
therapy were administered and the median number of
cycles administered per patient was 3 (range 1–24).
The median age of the patients was 50 years. Nineteen

Table 1. Patient characteristics, prior treatments and sites of
disease

Patient characteristics

Total number of patients 31

Mean age (range) 50 (29–74)

Median no. of prior chemotherapy

regimens (range) 2 (1–7)

Median no. of prior hormonal

therapy regimens (range) 1 (1–5)

Patients with ER+ breast cancer 25

previously treated with tamoxifen

Adjuvant 6

Metastatic 13

None 6

Patients with ER/PR-breast cancer 6

Patients with no. of disease sites (%)

1 5(16%)

2 19 (61%)

>3 7 (23%)

Patients with metastatic disease to

Lung 14 (45%)

Liver 13 (42%)

Bone 22 (71%)

Soft tissue 13 (42%)

patients had been previously treated with tamoxifen
for their ER-positive disease (6 adjuvant, 13 meta-
static). Six patients had ER- and PR-negative disease.
Six had ER positive disease that had not been treated
previously with tamoxifen. Patients had received a me-
dian of two prior chemotherapy regimens and had a
median of two sites of metastatic disease.

Toxicity

Table 2 illustrates the clinical toxicities (exclusive of
ophthalmologic) observed in this study. Of the 31 pa-
tients, five (16%) discontinued therapy due to toxicity
(four patients for difficulty with night vision, and one
patient for a generalized grade 3 skin rash). There
were two deaths on study that were considered un-
likely to be related to therapy (one suicide, and one
acute nonlymphocytic leukemia).

Sixteen of the 31 patients (52%) had ophthalmolo-
gic complaints while on study. Eleven patients repor-
ted difficulty with dark adaptation, and this symptom
required discontinuation of therapy in four patients.
Seven patients with mild symptoms were continued on
therapy without worsening of their symptoms. Ten pa-
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Table 2. Clinical toxicities (exclusive of ophthalmologic) graded
using the NCI common toxicity criteria

Clinical toxicities (exclusive of ophthalmologic),

n = 31 patients

Toxicity Grade 1 Grade 2 Grade 3 Grade 4

Rash 3 0 1 0

Nausea 4 0 0 0

Abdominal pain 0 1 0 0

Depression 1 0 0 0

Diarrhoea 0 1 0 0

Drylips 1 0 0 0

Fatigue 2 1 0 0

Hot flashes 13 1 0 0

tients reported mild intermittent ocular symptoms not
related to dark adaptation, including itching, burning,
or dry eyes (four patients), color distortion described
as a yellow tinting of objects (four patients) or black
spots (two patients), and blurred vision (one patient).
All ocular toxicities reversed following discontinu-
ation of therapy.

All patients had ophthalmologic exams performed
at protocol entry; only one patient had a slightly abnor-
mal dark adaptometry test prior to initiating therapy.
Twenty patients also had follow-up ophthalmologic
exams performed 1–3 months after initiating therapy
(Table 3). Of these 20 patients, 15 (75%) had normal
dark adaptometry exams. Five patients (25%) had an
abnormal exam on at least one occasion. Six of the
patients with normal exams complained of symptoms
of nyctalopia which improved during the drug holiday.
These patients were tested during the three-day drug
holiday or early in the subsequent cycle of fenretinide
therapy (days 1–8). It is possible that their dark adap-
tometry results may have been abnormal if performed
during days 21–25 of fenretinide therapy. Indeed, five
of the seven patients tested between cycle days 20–25
had abnormal dark adaptometry exams. Four of these
five patients did have symptomatic nyctalopia.

Lipid studies

Twenty-two patients had baseline and follow-up lipid
determinations, including total cholesterol, high dens-
ity lipoprotein (HDL) and triglyceride analysis. The
time from the baseline evaluation to the final determ-
ination (obtained while on therapy or within 1 week of
completing therapy) ranged from 27 to 679 days, with
a median of 63 days.

Table 3. Results of Goldman–Weekers (GW) dark adaptometry testing
and patients’ visual symptoms on study

No. of Symptoms Day of GW GW test Therapy

patients test result stopped?

13 Yes Holiday Normal Yes

29 Yes Holiday Normal Yes

21 Abnormal

19 Yes 2 Normal No

10 Yes 14 Normal Yes

23 Abnormal

24 Yes 5 Normal No

14 Yes Holiday & 2 Normal No

Holiday & 25 Abnormal

9 Yes 2 Normal Yes

8 Yes 21 Abnormal No

31 No 20 Abnormal No

1 Yes 1&8 Normal No

25 Yes 2 Normal No

21 No Holiday Normal No

2 No 1 Normal No

16 No 1&2 Normal No

5 No 21 Normal No

3 No Holiday Normal No

12 No 2&7 Normal No

6 No 9 Normal No

26 No 25 Normal No

11 No Holiday & 1 Normal No

The median baseline total cholesterol level was
202 mg/dl, (range 143–260), and the median choles-
terol level on therapy was 189 mg/dl, (range 146–265).
This represents a median change of−13.5 mg/dl
(range−6 to 51) (6.5%) which was marginally sig-
nificant (p = 0.049) by the Wilcoxon signed rank
test. The median baseline HDL level was 51 mg/dl
(range 32–83), and the median HDL level on therapy
was 69 mg/dl (range 40–102), a 35% increase. Ex-
cept for one patient in which the HDL level decreased
while on therapy, all other patients were noted to have
an increase in serum HDL. Thus, the null hypothesis
that the mean change was zero was rejected at the
p < 0.0001 level by the Wilcoxon signed rank test.
There was no significant increase or decrease in the
patients’ triglyceride levels with treatment.

TGF-β plasma levels

Twenty-eight patients had baseline plasma levels of
TGF-β levels assayed before beginning tamoxifen and
fenretinide therapy; of these patients 20 had plasma
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Figure 1. Measured plasma TGF-β levels in breast cancer patients
before and after treatment with tamoxifen and 4-HPR. TGF-β1
plasma levels were determined at baseline (time 0) and after 1–3
months of combined tamoxifen and fenretinide therapy in 28 pa-
tients with metastatic breast cancer. The solid line indicates the
upper limit of normal (2 standard deviations above mean value of
4.1± 2.0 ng/ml). Extensive platelet degranulationex vivocausing
elevated TGF-β1 levels(∗).

levels measured after 1 month of treatment, and 12
patients after 3 months (Figure 1). TGF-β1 levels ob-
tained prior to therapy were normal in 26 of 28 patients
and in all but one case were unchanged after 1–3
months of therapy. Two patients had elevated TGF-β1
levels prior to therapy; one patient had extensive bone
and liver disease, and a second patient had completed
radiation therapy to her cervical spine 4 weeks prior to
study entry. Only one patient with a normal TGF-β1
level at baseline demonstrated an increase in plasma
TGF-β1 after 1 month of therapy.

Two patients had detectable, but low, plasma TGF-
β2 levels (0.3–0.7ng/ml). In the remaining patients
tested, plasma TGF-β2 levels were below the detec-
tion limit of 0.2 ng/ml, and TGF-β3 levels were below
0.1 ng/ml in all patients tested. No increases in plasma
TGF-β2 or TGF-β3 were detected post-therapy.

Antitumor activity

Of the 19 ER-positive patients who had received prior
tamoxifen therapy, 16 patients were evaluable for
response. Two patients were removed from study be-
cause of toxicity during the first two cycles, and one
patient refused further therapy. Fourteen of the evalu-
able patients completed at least two cycles of therapy.
No objective responses were observed in these patients
who had been previously treated with tarnoxifen, al-
though one patient had stable chest wall disease for
more than 24 months with tamoxifen and fenretinide.

There were no objective responses in the six pa-
tients with ER-negative breast cancer, nor did any
patient achieve prolonged stable disease. When 14
evaluable ER-positive, tamoxifen-pretreated and six
ER/PR negative patients demonstrated no objective re-
sponses (nor stable disease in the latter group), accrual
to these cohorts was stopped. Of the six patients who
were ER positive and had not been treated with tamox-
ifen, three were evaluable for a response (one patient
discontinued therapy due to toxicity, a second did not
complete two cycles, and the other experienced a med-
ication delay). Of these three patients, two had stable
disease during 8 months of tamoxifen and fenretinide
therapy.

Discussion

The low toxicity profiles of tamoxifen and fenretinide
as single agents in human studies, and the synergistic
effects of tamoxifen and retinoids in preventing mam-
mary cancer in animal carcinogenesis models, make
this combination attractive for study in both the treat-
ment and prevention of breast cancer. In this study,
the most frequent toxicity of combined tamoxifen
(20 mg) and fenretinide (400 mg) therapy was oph-
thalmologic, with 16 of 31 patients (52%) developing
ocular complaints. These symptoms were all revers-
ible upon discontinuation of therapy both clinically
and by dark adaptometry testing. Patients with mild
symptoms of nyctalopia and normal dark adaptometry
were able to continue therapy without worsening of
their symptoms. Fenretinide treatment is known to be
associated with nyctalopia [19]. The results of detailed
ophthalmologic testing in patients participating in a
secondary breast cancer prevention study of a lower
dose of fenretinide, 200 mg daily with a 3-day drug
ophthalmologic testing in patients participating in a
secondary breast cancer prevention study of a lower
dose of fenretinide, 200 mg daily with a 3-day drug
holiday each month, have been previously reported
[21]. In this study, 50% of patients on fenretinide
demonstrated mild-to-moderate alterations of dark ad-
aptometry as measured by the Goldmann–Weekers
adaptometer; however, only half of these patients were
symptomatic. We have previously demonstrated signi-
ficant delays in the rod-cone break in 16 of 22 high
risk women who were treated with tamoxifen 20 mg
daily, and fenretinide 200 mg daily with a 3-day drug
holiday each month in a chemoprevention trial [22].
Interestingly, however, only two of these 16 patients
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reported subjective changes in dark adaptation. We
believe the higher proportion of patients with symp-
tomatic nyctalopia in our current study is due to the
400 mg fenretinide dose chosen for treating metastatic
disease. This dose of fenretinide is unsuitable, there-
fore, for use in chemoprevention trials in women at
risk for developing breast cancer.

Our study has demonstrated the importance of
conducting dark adaptometry testing in symptomatic
patients while they are taking fenretinide and prefer-
ably towards the end of the 25-day treatment period
because the nyctalopia is rapidly reversible and most
often disappears during the 3-day drug holiday. Evalu-
ation early in the cycle or during the drug holiday may
miss or underestimate the degree of dark adaptation
impairment. Patients with significant symptoms of im-
paired dark adaptation should discontinue fenretinide
until the symptoms resolve, and objective testing im-
proves. In our experience, patients with symptomatic
nyctalopia generally had normal objective test results
3–5 days afer stopping fenretinide.

Tamoxifen has been reported to decrease total cho-
lesterol levels [23, 24], while fenretinide therapy has
been reported to increase triglyceride levels in some
patients [19]. Neither agent alone is known to signific-
antly increase HDL levels. Tamoxifen treatment alone
has been associated with small decreases in HDL
levels [23, 25], but other studies have not confirmed
this [26, 27]. It is reassuring that significant increases
in triglyceride levels were not seen with tamoxifen and
fenretinide in our study and that fenretinide did not
seem to interfere with tamoxifen’s salutory effects on
total cholesterol levels. Our observation that this com-
bination may increase HDL levels is intriguing in light
of the interest in this regimen for breast cancer preven-
tion. Larger studies are needed to further investigate
this finding.

Tamoxifen and fenretinide therapy did not signi-
ficantly increase total plasma TGF-β1 levels after one
and three months of treatment. We were also unable to
demonstrate any increase in plasma TGF-β2 or TGF-
β3 levels with therapy. The plasma levels of these
cytokines, therefore, do not appear to be modulated
by tamoxifen and fenretinide and will not be useful as
surrogate endpoint biomarkers. These findings differ
from those of other investigators who have reported
changes in plasma TGF-β1 [28] or TGF-β2 (29) levels
which correlated with disease status or response to
therapy. Differing patient populations and assay sens-
itivities may explain these discrepant results. Since
elevated plasma TGF-β1 levels have been shown to

be associated with pulmonary drug toxicity and veno-
occlusive disease in breast cancer patients undergoing
autologous bone marrow transplantation [30], it is re-
assuring that tamoxifen and fenretinide therapy did not
notably increase serum levels of any of the TGF-β iso-
forms. What relation the serum TGF-β levels have, if
any, to epithelial tissue levels is not known.

Adding fenretinide to tamoxifen as treatment for
ER-positive patients who had been previously treated
with tamoxifen appeared to benefit only one of 19
patients; no patient with ER-negative breast cancer
benefited from this combination. None of the three
evaluable ER-positive patients without prior hormonal
therapy had an objective response although two of the
three had stable disease for 8 months. However, in
the previous Phase I/II study of this combination in 12
metastatic breast cancer patients who had not received
prior treatment with tamoxifen, five patients had stable
or improved disease lasting at least 6 months [10].

Although the tamoxifen and fenretinide combin-
ation does not appear to be obviously superior to
tamoxifen alone as treatment for metastatic disease,
the ongoing adjuvant and chemoprevention studies
will help further elucidate the clinical utility of this
regimen.

Acknowledgements

The authors would like to acknowledge Larry Ellings-
worth for supplying a source of TGF-β1 antisera used
in these studies.

References

1. Early Breast Cancer Trialists’ Collaborative Group: Tamox-
ifen for early breast cancer: an overview of the randomized
trials. Lancet 351: 1451–1467, 1998

2. De Luca LM: Retinoids and their receptors in differentiation,
embryogenesis, and neoplasia. FASEB J 5: 2924–2933, 1991

3. Smith MA, Parkinson DR, Cheson BD, Friedman MA: Retin-
oids in cancer therapy. J Clin Oncol 10: 839–864, 1992

4. Lippman SM, Kessler JF, Meyskens FL: Retinoids as preven-
tion and therapeutic anticancer agents. Cancer Treat Rep 71:
391–405, (Part I); 493–515 (Part II), 1987

5. Dowlatshari K, Mehta RG, Thomas CF, Dinger NM, Moon
RC: Therapeutic effect of N-(4-hydroxyphenyl)retinamide on
N-methyl-N-nitrosourea-induced rat mammary cancer. Cancer
Let 47: 187–192, 1989

6. Moon RC, Thompson HJ, Becci PJ, Grubbs CJ, Gender RJ,
Newton DL, Smith JM, Phillips SL, Henderson WR, Mullen
LT, Brown CC, Sporn MB: N-(4-hydroxyphenyl)retinamide, a
new retinoid for prevention of breast cancer in the rat. Cancer
Res 39: 1339–1346, 1979



Tamoxifen and fenretinide in breast cancer 283

7. Ratko TA, Detrisac CJ, Dinger NM, Thomas CF, Kelloff
GJ, Moon RC: Chemopreventive efficacy of combined retin-
oid and tamoxifen treatment following surgical excision of
a primary mammary cancer in female rats. Cancer Res 49:
4472–4476, 1989

8. Moon RC, Kelloff GJ, Detrisac CJ, Steele VE, Thomas CF,
Sigman CC: Chemoprevention of MNU-induced mammary
tumors in the mature rat by 4-HPR and tamoxifen. Anticancer
Res 12: 1147–1154, 1992

9. Modiano MR, Dalton WS, Lippman SM, Joffe L, Booth
AR, Meyskens FL Jr: Phase II study of fenretinide (N-
[4-hydroxyphenyl]retinamide) in advanced breast cancer and
melanoma. Invest New Drugs 8: 317–319, 1990.

10. Cobleigh MA, Dowlatshahi K, Deutsch TA, Mehta RG, Moon
RC, Minn F, Benson AB III, Rademaker AW, Ashenhurst
JB, Wade JL, Walker J: Phase I/II trial of tamoxifen with
or without fenretinide, an analog of vitamin A, in women
with metastatic breast cancer. J Clin Oncol 11: 474–477,
1993

11. Torrisi R, Parodi S, Fontana J, Pensa F, et al.: Effect of Fen-
retinide on plasma IGF-1 and IGFBP-3 in early breast cancer
patients. Int J Cancer 76: 787–790, 1998

12. Torrisi R, Pensa F, Fontana V, Costa A, Decensi A: The meta-
bolite N-40 methoxyphenylretinamide is a major determinant
of fenretinide induced decline of plasma insulin-like growth
factor-1. Eur J Cancer 31A: 420–421, 1995

13. Decensi A, Formelli F, Torrisi R, Costa A: Breast cancer che-
moprevention: Studies with 4-HPR alone and in combination
with tamoxifen using circulating growth factors as potential
surrogate endpoints. J Cell Biol 17G: 226–233, 1993

14. Pollak M, Costantino J, Polychronakos C, Bauer SA, Guyda
H, Redmond C, Fisher B, Margolese R: Effect of tamoxifen
on serum insulin-like growth factor I levels in Stage I breast
cancer patients. J Natl Cancer Inst 82: 1693–1697, 1990

15. Knabbe C, Lippman ME, Wakefield LM, Flanders KC,
Kasid A, Derynck R, Dickson RB: Evidence that trans-
forming growth factor-β is a hormonally regulated negative
growth factor in human breast cancer cells. Cell 48: 417–428,
1987

16. Arteaga CL, Tandon AK, Von Hoff D, Osborne CK: Trans-
forming growth factor B: potential autocrine growth inhib-
itor of estrogen receptor-negative human breast cancer cells.
Cancer Res 48: 3898–3904, 1988

17. Glick AB, McCune BK, Abdulkarem N, Flanders KC,
Lunadue JA, Smith JM, Sporn MB: Complex regulation of
TGF-β expression by retinoic acid in the vitamin A deficient
rat. Development 111: 1081–1086, 1992

18. Butta A, MacLennan K, Flanders KC, Sacks NPM, Smith I,
McKinna A, Dowsett M, Wakefield LM, Sporn MB, Baum M,
Colletta AA: Induction of transforming growth factor -β1 in
human breast cancerin vivo following tamoxifen treatment.
Cancer Res 52: 4261–4264, 1992

19. Rotmensz N, DePalo G, Formelli F, Costa A, Marubini E,
Campa T, Crippa A, Danesini GM, Grottaglie M Delle,
DiMauro MG, Filiberti A, Gallazzi M, Gozzon A, Magni A,
Malone W, Mariani L, Palvarini, Perloff M, Pizzichetta M,
Veronesi U: Long-term tolerability of fenretinide (4-HPR) in
breast cancer patients. Eur J Cancer 27: 1127–1131, 1991

20. Wakefield LM, Letterio JJ, Chen T, Danielpour D, Al-
lison RSH, Pai LH, Denicoff AM, Noone MH, Cowan KH,
O’Shaughnessy JA, Sporn MD: Transforming growth factor
β1 circulates in normal human plasma and is unchanged in ad-
vanced metastatic breast cancer. Clin Cancer Res 1: 129–136,
1995

21. Decensi A, Torrisi R, Polizzi A, Gesi R, Brezzo V, Rolando
M, Rondanina G, Orengo MA, Formelli F, Costa A: Effect of
the synthetic retinoid fenretinide on dark adaptation and the
ocular surface. J Natl Cancer Inst 86: 105–110, 1994

22. Caruso RC, Zujewski J, Iwata F, Podgon MJ, Conley BA,
Ayres LM, Kaiser-Kupfer MI: Effects of fenretinide (4-HPR)
on dark adaptation. Arch Ophthalmol 116: 759–763, 1998

23. Thangaraju M, Kumar K, Gandhirajan R, Sachdanandam P:
Effect of tamoxifen on plasma lipids and lipoproteins in post-
menopausal women with breast cancer. Cancer 73: 659–663,
1994

24. Love RR, Wiebe DA, Feyzi JM, Newcomb PA, Chappel RJ:
Effects of tamoxifen on cardiovascular risk factors in postmen-
opausal women after 5 years of treatment. J Natl Cancer Inst
86: 1534–1539, 1995

25. Bruning PF, Bonfrer JM, Hart AA, Bakker MD, Linders D,
Loos JV, et al.: Tamoxifen, serum lipoproteins and cardiovas-
cular risk. Br J Cancer 58: 497–499, 1988

26. Rossner S, Wallgren A: Serum lipoproteins and proteins after
breast cancer surgery and effects of tamoxifen. Atherosclero-
sis 53: 339–346, 1984

27. Wander HE: Changes in the serum lipoprotein under tamox-
ifen (Abstract). Second International Symposium on Antihor-
mones in Breast Cancer, Berlin, October 21–24, 1984

28. Kong FM, Anscher MS, Murase T, Abbott BD, Inglehart JD,
Jirtle RL: Elevated plasma transforming growth factor-beta
levels in breast cancer patients decrease after surgical removal
of the tumor. Ann Surg 222: 155–162, 1995

29. Kopp A, Jonat W, Schmahl M, Knabbe C: Transforming
growth factorβ2 (TGF-β2) levels in plasma of patients with
metastatic breast cancer treated with tamoxifen. Cancer Res
55: 4512–4515, 1995

30. Anscher MS, Peters WP, Reisenbichler H, Petros WP, Jirtle
RL: Transforming growth factorβ as a predictor of liver and
lunger fibrosis after autologous bone marrow transplantation
for advanced breast cancer. New Engl J Med 328: 1592–1598,
1993

Address for offprints and correspondence:JoAnne Zujewski, Bldg.
10 Rm. 12N/226, 9000 Rockville Pike, Bethesda, Maryland 20892;
Tel.: (301)-496-4916;Fax: (301) 402-0172


